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46 The Journal of Thoracic and Cardiobjective: Many children undergoing surgery for congenital heart disease have
rior operations. Reoperative sternotomy carries with it the risk of cardiac inju
he need for emergency peripheral cannulation. Unfortunately, in smaller chil
any of the standard sites are occluded, stenosed, or too small for the s
anufactured cannulas. Using a model, we evaluated the feasibility of 
eripheral intravenous catheters for establishing cardiopulmonary support.
ethods: A model cardiopulmonary bypass circuit was created. Catheters of 
ng diameter and length were used to simulate arterial cannulation. With
atheter, flows were incrementally increased until a maximum arterial line pre
as achieved. Data were recorded.
esults: Catheter diameters increased from 24 to 14 gauge, and catheter le
ncreased from 1 inch to 1.88 inches. Flow could not be established throu
4-gauge catheter without an unacceptably high arterial line pressure. From th
mallest catheter (22 gauge  1 inch) to the largest catheter (14 gauge  1.88
nches), maximum achievable flow rates ranged from 70 to 540 mL/min, r
ively.
onclusions: Peripheral arterial cannulation may be lifesaving in cases of co
ated sternal re-entry in children. Intravenous catheters can be used when vess
oo small for standard cannulas. Flow rates that provide adequate support 
aintaining acceptable arterial line pressures are achievable with peripheral 
enous catheters until central cannulation can be accomplished safely.
any children undergoing surgery for congenital heart disease have
prior operations. Reoperative sternotomy carries with it the risk of c
injury and the need for emergency peripheral cannulation. Unfortuna
n smaller children, many of the standard sites are occluded, stenosed, or too small
or the smallest manufactured cannulas. In these instances, peripheral intravenous
atheters can be used for arterial access until central cannulation can be accom-
lished safely.
aterials and Methods
 cardiopulmonary bypass circuit was created (Figure 1). A 1-L intravenous fluid b
sed to simulate a patient. The following components, starting from the fluid bag, were then
sed to complete the model cardiopulmonary bypass circuit: decanting spike, 3-foot length of
-inch 3/32-inch SMA tubing, Cobe Century heart–lung machine with arterial roller pump
COBE Cardiovascular, Inc, Arvada, Colo), Dideco D736 Micro Arterial Line Filter 40 
Sorin group Italia Srl, Mirandola Modena, Italy), 3.5-inch length of 3/16-inch  3/16-inch
MA tubing (COBE Cardiovascular), perfusion adapter, and selected BD Angiocath intra-
enous catheters (BD Medical, Medical Surgical Systems, Franklin Lakes, NJ).
Three pressure transducers were set up within the system. Patient pressure (pressure 1)
as measured with a DLP pressure monitoring system (Medtronic, Inc, Minneapolis, Minn).
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Dhis was attached to a 20-gauge spinal needle inserted int
rug administration port of the fluid bag. Arterial cannula pre
pressure 2) and cardiopulmonary bypass circuit pressure (pres
) were measured with transducers on the heart-lung machin
The circuit was primed with a 30% glycerol solution (Si
ldrich, St Louis, Mo) to simulate the viscosity of whole blo1,2
atheters of gradually increasing diameter and length were
Figure 1. Cardiopulmonary bypass circuit.
Figure 2. CatheterThe Journal of Thoracice
erted into the drug administration port of the fluid bag
onnected to the cardiopulmonary bypass circuit to simulate 
ial cannulation. With each catheter, flows were increased
ncrements of 10 mL/min until a maximum circuit pressure o
m Hg was achieved. The intravenous fluid bag pressure 
aintained at 52 mm Hg. Data were recorded.
esults
esults are summarized in Figure 2. Catheter sizes
reased from 24 to 14 gauge, and catheter lengths incre
rom 1 inch to 1.88 inches. Flow could not be estab
hrough the 24-gauge catheter without an unacceptably h
rterial line pressure. From the next smallest catheter 
auge, 1 inch) to the largest catheter (14 gauge, 1.88
nches), maximum achievable flow rates ranged from 70 to
40 mL/min, respectively.
linical Summary
he patient was a 4-month-old boy with complex single
entricle heart disease consisting of double-inlet left ventri-
le, transposition of the great arteries, and pulmonary ste-
osis. On day 6 after birth and 2.1 kg, he underwent place-
ent of a 3.0-mm right modified Blalock–Taussig shunt
hrough a midline sternotomy. He recovered well and was
ndent flow rates.-depeand Cardiovascular Surgery ● Volume 134, Number 3 747
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Daken to the operating room at 7 months of age and 
or a bidirectional Glenn operation. The right atrium 
ntered during sternal re-entry.
An emergency cutdown in the left groin was perfor
xposing the common femoral artery. Full-dose heparin 
dministered. The artery was cannulated with a 14-ga
D Angiocath (BD Medical). Pump suckers supplied 
ous return. Adequate flows and patient blood press
ere maintained.
Sternal re-entry was completed, the right atrium 
epaired, and standard cannulation was performed. T
orta was cannulated with a 10F Bio-Medicus cann
Medtronic BioMedicus, Eden Prairie, Minn), and the r
trium and innominate vein were cannulated with 20F 
0F Pacifico cannulas, respectively. The left femoral ar
D Angiocath was removed and the vessel was repa
ith 7– 0 Prolene suture (Ethicon, Inc, Somerville, NJ) 
nterrupted fashion. Doppler ultrasound was used to con
istal pulsatile blood flow.
The remainder of the operation proceeded as planned
ospital course was otherwise uneventful, and the patient
as discharged on postoperative day 5.
iscussion
eripheral cannulation for cardiopulmonary bypass can be
erformed electively in cases of aortic disease or in the
resence of aneurysmal tissue adherent to the posterior
spect of the sternum. It can also be performed on an
mergency basis in cases of complicated sternal re-entry. In
dults, the technique of peripheral cannulation is quite fea-
ible. Both the axillary and femoral arteries are common
hoices for adult peripheral cannulation and are adequately
ized vessels to establish arterial inflow. Unfortunately, in
mall children these vessels are often extremely small and
nsuitable for cannulation with standard pediatric arterial
annulas.
Although carotid artery cannulation in children is an
ttractive alternative, these sites are occasionally problem-
ABLE 1. Predicted common femoral artery diameter in
hildren
eight (kg)
50th percentile
height (cm) BMI
Common femoral
artery (mm)
3 48.2 12.9 1.5
4 53 14.2 1.6
5 56.3 15.8 1.7
6 60.5 16.4 1.9
7 64.7 16.7 2.0
8 68.3 17.1 2.1
9 72.8 17 2.3
10 77 17 2.4MI, Body mass index.
48 The Journal of Thoracic and Cardiovascular Surgery ● Septekg
n
tic as well. Although they can be used if needed, these sites
re often prepared out of the field with the anesthesiologists
sing the internal jugular veins for central access. In addi-
ion, a history of cannulation for extracorporeal membrane
xygenation with ligation of an ipsilateral carotid artery
akes cannulation of the contralateral carotid artery
orrisome.
It is our current practice during reoperative sternotomies
o prepare the groins sterilely. Although we do not routinely
lace a catheter or guide wire in the femoral artery before
ternal re-entry, this allows for urgent percutaneous or cut-
own femoral artery cannulation. Once standard cannula-
ion is achieved, peripheral cannulas should be removed to
inimize the risk of ischemic limb complications.
For femoral cannulation, several studies have been per-
ormed to predict the size of femoral vessels in pediatric
atients. Each has resulted in a calculation or nomogram
ased on various combinations of age, weight, height, body
ass index, and/or body surface area.3–5 In one study, th
est model for common femoral artery diameter was
0.838  0.31 height  0.046 body mass index.4 With this
ormula used for children between 3 and 10 kg, the pre-
icted common femoral artery ranges from 1.5 to 2.4 mm in
ize, respectively (Table 1).
Table 2 shows the relationships between French, ga
nd millimeter diameters. The smallest standard pediatric
rterial cannula is an 8F-diameter cannula, which should
ccommodate a 2.6-mm vessel. However, the blunt tip often
akes insertion into small vessels somewhat challenging.
eripheral intravenous catheters in the range of 14 to 24
auge will accommodate blood vessels between 1.6 and 0.5
m and are easily inserted.
This investigation’s maximum achievable blood flow
ates ranged from 70 to 540 mL/min. Necessary flow is
etermined by the size of the patient, metabolic demands,
nd the degree of cardiac injury. On the basis of standard
ow rates in pediatric patients, the larger peripheral intra-
enous catheters can provide significant support. Larger
auge catheters (12 or 10 gauge), or those with shorter
engths, may be even more effective at supporting a small
hild during complicated sternal re-entry.
ABLE 2. Unit conversions
rench Gauge Millimeters
10F 3.33
8F 2.67
14 g 1.63
16 g 1.29
18 g 1.02
20 g 0.81
22 g 0.64
24 g 0.51
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Kogon et al Surgery for Congenital Heart DiseaseUnfortunately, this cardiopulmonary bypass model does
ot account for all of properties of the human circulatory
ystem, and it remains unclear what role coagulation and
emolysis may play.
onclusions
eripheral arterial cannulation may be lifesaving in cases
f complicated sternal re-entry in children. Peripheral
ntravenous catheters can be used when vessels are too
mall for standard cannulas. Blood flow rates that provide
dequate patient support while maintaining acceptable
rterial line pressures are achievable with peripheral in-
ravenous catheters until central cannulation can be ac-
omplished safely.
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